
 

 

 

Supplementary Figure 1. 



A. Intact mass spectrometry of recombinant ROCK2. Charge envelope of ROCK2. 

B. Deconvoluted mass spectrum of ROCK2.  

C. Zoom of deconvoluted mass spectrum showing the three predominant species 

corresponding to un-, mono-, and di-phosphorylated ROCK2. Unmodified ROCK2 

was measured to a mass accuracy of 1.2 ppm. The presence of phosphate can be 

seen in the mass differences of 79.5 and 81.5 Da, which represents exceptional 

accuracy at this mass range. 

D. Tryptic digest MS of recombinant ROCK2. Sequence coverage map of ROCK2. The 

two peptides covering the RhoA binding site are highlighted in green. Both 

unmodified peptides were detected, consistent with the intact mass 

measurements (C). 

E. Phosphopeptides identified by MS/MS. pS1352 and pS1353 phosphopeptides 

(highlighted) were most abundant, and most likely correspond to the mono- and 

di-phosphorylated ROCK2 species observed by intact MS (C). 

  



 

 

Supplementary Figure 2.  

A. Fluorescence size exclusion chromatography of ROCK2-EGFP expressing COS7 

cell lysates (Superose 6). 

B. Fluorescence correlation spectroscopy of the peak fraction containing EGFP-

tagged ROCK2. Both N- and C-terminal fusions were best fitted with a single 

diffusion component for which the residuals are shown. 

C. Molecular brightness of ROCK2. ROCK2 expressed in COS7 fibroblasts exhibits a 

molecular brightness intermediate between EGFP and a tandem EGFP (EGFP2) 

construct.  



D. Table comparing the measured diffusion coefficients with calculated diffusion 

coefficients for both a globular protein and a stiff rod of the dimensions observed 

by electron microscopy of the recombinant protein. 

  



 



 

 

Supplementary Figure 3.  

A. Alignment of ancestral ROCK proteins. The boundaries of the inter-domain coiled 

coil spacer were determined from a multiple sequence alignment of ROCK 

orthologues from 17 species spanning evolutionary time from Capsaspora 

owczarzaki to Homo sapiens. Representative parts of the full sequence alignment 

covering the end of the AGC kinase domain and the beginning of the PH domain 

are shown (left and right, respectively). The last amino acid of the C-terminal tail 

of human ROCK2 was assigned to be residue 413 and the first amino acid of the 

PH domain was assigned to be residue 1145. The number of intervening amino 

acids was calculated for each protein based on these boundaries and is shown 

between the two alignments (black). The corresponding length of a canonical 

coiled coil (1.46 Å rise/amino acid) of the calculated number of amino acids is 

shown alongside in parentheses (red/green). The alignment numbering 

corresponds to human ROCK2 and the conserved hydrophobic motif that 

characterizes the C-terminal tail of these kinases is annotated. 



B. Phylogenetic tree of the organisms represented by sequences in A. Species 

marked in red correspond to those with coiled coils clustering around 105 nm in 

length, while those in green cluster around 85 nm. The earliest record of ROCK 

can be found in the unicellular eukaryote C. owkzarzaki.  

C. CRISPR/Cas9 knockout of ROCK2 in NIH3T3 cells. Control guide RNAs for EGFP 

and tdTomato have no effect on ROCK2 in lentivirus-transduced cells. Of four 

guide RNAs tested for ROCK2 knockout, LC3 resulted in a complete knockout of 

ROCK2. 

D. Immunostaining of wild type 3T3 and ΔROCK2 3T3 fibroblasts. The actin 

cytoskeleton of the knockout cells, including the density and distribution of 

stress fibers, appears morphologically indistinct from the wild type cells. 

E. Fluorescence size exclusion chromatography of ROCK2 Δ60 nm (280 kDa) in 

NIH3T3 ΔROCK2 fibroblast lysates. ROCK2 Δ60 nm elutes as a single species 

with an elution volume consistent with an extended particle 60 nm in length 

(expected elution volume for globular protein of 280 kDa shown for 

comparison). 

F. Expression phenotypes of ROCK2wt and ROCK2KD in NIH3T3 and ΔROCK2 

NIH3T3 fibroblasts. Expression of ROCK2wt supports normal stress fibers, while 

expression of kinase-dead ROCK2KD results in complete loss of stress fibers in 

both cases. 

  



 



 

 

 



Supplementary Figure 4. 

A. Ion-pairing reverse-phase HPLC. GDP and GMPPNP standards separated in a 

mobile phase of 100 mM KH2PO4/K2HPO4 pH 6.5, 10 mM tetra-n-

butylammonium bromide, 4.5 % CH3CN on a C18 reverse phase column.  

B. Confirmation of RhoA loading with GMPPNP. Ion-pairing reverse HPLC of 

nucleotide-exchanged RhoA.  

C. Native mass spectrometry demonstrates the loading of RhoA with GMP-PNP. 

Mass spectrum of the +10 charge state showing the isotopic envelope of RhoA 

loaded with GDP and GMPPNP, respectively. The inset depicts an overview of all 

recorded charge states. The table below indicates the theoretical and observed 

masses. 

D. Size exclusion chromatography of ROCK2 + RhoA. A 1:10 mixture of 

ROCK2:RhoAGMPPNP was incubated for 30 min at 4°C and separated by size 

exclusion chromatography on a Superose 6 Increase 3.2/300 gel filtration 

column equilibrated in 20 mM Tris, pH 7.5, 150 mM KCl, 1 mM TCEP, 4 mM 

MgCl2. ROCK2 and RhoA eluted as separate peaks at elution volumes identical to 

the proteins when run alone. Since the anomalous elution volume of ROCK2 

might not be expected to change significantly upon the addition of RhoA, the 

peak fractions were analyzed by SDS-PAGE (right). As can be seen, ROCK2 is 

found exclusively in the first peak, while RhoA is found exclusively in the second 

peak, indicating that a stable complex does not form between the two proteins 

under these conditions. (M = marker, L = load). 

E. Size exclusion chromatography of ROCK1 Rho-binding domain (RBD) fragments 

with RhoA. A 2:1 mixture of ROCK1 RBD (945-1015):RhoAGMPPNP was 

incubated for 30 min at 4°C and separated by size exclusion chromatography on 



a Superdex 75 3.2/300 gel filtration column equilibrated in 20 mM Tris, pH 7.5, 

150 mM KCl, 1 mM TCEP, 4 mM MgCl2 (physiological salt concentration) or 20 

mM Tris, pH 7.5, 1 mM TCEP, 4 mM MgCl2 (zero salt). ROCK1 RBD and RhoA co-

eluted at an elution volume of ~1.3 ml consistent with the elution volumes of the 

proteins alone and a molecular weight of ~20 kDa. Curves shown are for 

physiological salt concentration; elution profiles in zero salt were identical. 

F. Size exclusion chromatography of ROCK2 Rho-binding domain (RBD) fragments 

with RhoA. A 2:1 mixture of ROCK2 RBD (968-1038):RhoAGMPPNP was 

incubated for 30 min at 4°C and separated by size exclusion chromatography on 

a Superdex 75 3.2/300 gel filtration column equilibrated in 20 mM Tris, pH 7.5, 

150 mM KCl, 1 mM TCEP, 4 mM MgCl2 (physiological salt concentration) or 20 

mM Tris, pH 7.5, 1 mM TCEP, 4 mM MgCl2 (zero salt). ROCK1 RBD and RhoA co-

eluted at an elution volume of ~1.3 ml consistent with the elution volumes of the 

proteins alone and a molecular weight of ~20 kDa. Curves shown are for 

physiological salt concentration; elution profiles in zero salt were identical. 

G. Ion-pairing reverse-phase HPLC confirms loading of EGFP-RhoA with GMPPNP. 

H. Y2H analysis of the interaction of RhoA with ROCK1 and ROCK2. The results of 

the liquid assay interaction screening are shown. The table details the individual 

fusion partners in each experiment. For completeness, we tested each 

combination of putative interaction partners twice, where in the second 

experiment the GAD and LexA domains have been switched. We observed strong 

signal for both positive controls (blue), but no signal for the interaction of ROCK1 

or ROCK2 with RhoA. We observed a weak signal for the interaction of GAD-RBD 

(ROCK1) with LexA-RhoA (3), but this signal was not observed when the GAD 



and LexA domains were switched (2). Protein expression was confirmed in each 

case by immunoblot against the GAD or LexA domain. 

I. ROCK2 kinase assay in the presence of RhoA. ROCK2 was incubated in the 

absence and presence of a 200-fold excess of activated RhoA (RhoAGMPPNP) 

under conditions of non-limiting substrate and ATP. Kinase activity was 

normalized to a no-kinase control. Excess RhoA results in a 35% reduction in 

ROCK2 activity. 

  



 



 

 

Supplementary Figure 5. 

A. Alignment of the activation loop of all AGC kinases. AGC kinases that conserve a 

phosphorylatable threonine or serine in their activation loop at the canonical 

position that has been shown to be important for activity belong to a single 

branch of the AGC kinome tree (magenta). Structural data exists for 9 of 34 

kinases in this branch in which the activation loop is disordered in its 

unphosphorylated state (**), or ordered in its phosphorylated state (*). The 

remaining AGC kinases do not conserve a phosphorylatable residue at the 



canonical position (yellow). Structural data exists for 8 of 29 kinases in which 

the activation loop adopts an ordered, active conformation in the absence of 

phosphorylation (). 

B. Superposition of the N-lobes of ROCK2 (2F2U, 91-172) and the active 

conformation of Cdk2 in complex with cyclin A (1FIN, chain A, 3-83). The N-lobes 

show an r.m.s.d. of just 0.98 Å over 66 Cα atoms. 

C. Superposition of the N-lobes of ROCK2 and Cdk2, illustrating the conserved salt 

bridge between a glutamate in the αC helix and a lysine in strand β3 that 

characterizes the active conformation of protein kinases.  

D. The active dimer of ROCK2. The CHB domain (grey) combines with the C-

terminal tail of the kinase domain, in particular the hydrophobic motif (HM), to 

stabilize the active conformation of the N-lobe, analogous to the role performed 

by cyclin A with Cdk2. The activation loops of each monomer are fully ordered in 

the absence of phosphorylation. 

 

 


